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VIBRATOR ASSEMnStY 



Field of the Invention 

This ixrventioxi xelates genendly to vibrator assemblies and xnoxe 
SpecificaUy to a smface moimtable vibxator as^^ 

Backgroimd of the Invention 

Vibrators are used in a variety of devices. For eMuoiple^ pagezs 
and wdio telephones «anploy vibmtors to ettecl a silent page or 
incoming call alerting signal. If the device is positioned against the 
user's body, such as by placement in a shirt pocket or hung from a belt, 
tfie Vibzation alerts the user without others hearing the device. This 
silent alert is particularly advantageous in meetings or in offices ivhere 
a lot of people share common space. 

The devices that employ a vibrator also employ dicuit 
components mounted on a circuit boani. iTiese circuit component are 
pieferably electrically connected to the circuit board by automated 
leflow heating. Vibrators, which operate from a DC voltage potential 
supplied thereto, also must be elediicaJIy attached to Uie circuit board- 
However, vibratois can not be connected to Oie cixcuit board by 
automated reflow heating. Vibrators are heat sensitive and easily 
•damaged. Once damaged, ihey can not be leadily repaired. 
Accordingly, vibrators must be electrically coupled to circuit boards vto 



wires, a flex strip, or two pin connector employing wires that arc 
structurally connected to the circuit board xria hand soJdpring during a 
. separate manufacturing step. 

A vibrator must be secorcly mounted to the circuit board. 
S Vibrators mciude a motor, a shaft driven by the motor, and a weight 
carried un the shaft In operation, &e motor rotates the weighted shaft 
causing the vibrator to vibrate significanfly- The aforementioned 
etectiical cotxpling via wirc$ is not sufficient to secure ttie location of 
tihe vibrator in the device. Thus, to prevent damage lo itself as well as 
10 ofiher proximately positioned electrical components, the vibrator is 
mounted to the circuit board via a prefoxmed bracket. The bracket U 
typically attached to i^e circuit board during a separate manufocturing 
step via hand, sokiering or automated reflow heating. The vibrator is 
then, assembled into the bxadcet at ifhc motor to ensture secure 
15 attachment. 

Therefore, what is needed is a vibrator ass^fnbly that facilitates 
automated mounting so as to minimize manufacturing stepb, allows 
for easy repair, and avoids the use of wires. 

20 

Brief Descripdon of the Drawings 

HG. 1 illustrates a perspective view of a portable elec±ruruc 
device employing a vibrator assembly attached to a substrate; 

25 

HG» 2 illustrates an e)cploded perspective view of the vibrator 
assembly and the substrate of FIG. I, 

HG. 3 illustrates an alternate vibrator assembly; and 

30 

HG- 4 illustrates an enlarged, partial, cut away view of the 
alternate vibrator assembly of FIG. 3, 
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Detailed Description of the Prefeixed Embodiments 

•-WW*. * » 

A vxbratoT assenibly inrlu^les a vibiator and a pair of clips. Ttva 
pair of clips are adapted to be znounted to a eubstrate having a ' 
controllable pov^er source. The pair of clips are dlectrically coupled to 
the conbroUable power source. The pair of dipe are also adapted to 
rexnovabijr oigage the vibrator. The vibrator is secured and powered 
vjK the pair of dips; {hereby^ elimixuitSng tihc rtccd for a sejpazate 
motmting btadeet and pair of -wires. 

FIG. 1 illustrates a radio coxrununicaticm system 100 including an 
electronic device 102. The electronic device 10?, whidh is shown as a 
poElable radio tdbphone, indudes a hcni^g 104 and a substrate 106 
disposed witihin the housing 304 (joiit viewable via a cutaway area 108 
of the housing 104). Die housing 104 indudes speaker bezd and " 
oponings IIU having a speaker (not shown) positioned therebehlruL 
display 112, keypad IM, and microphone opening 116 having a 
microphone (not shown) positioned therebehind. An antenna 118 is 
carried on the housing 104. The antenna 118 is electrically connected to 
transceiver drcuSbry^ such as a controllable power source 120. The 
controllable power source 120 is mounted on, and electrically 
connected to, a first pair of pads 122 and 123 of the substrate 106. The 
controllable power source 120 is powered by connections (not ehown) 
to a batt^ 124 attached to a rear side of the housing 104. A vibrator 
assembly 126 is mounted on, and electrically connected to, a aecond pair 
of pads 128 and 129 of Ute subbtiate 106. The second pair of pads 12S 
and 129 are electrically connected to the first pair of pads 122 and 123 
and the controlUble power source 120 via a pair of respective traces 130 
and 131. 

Aldiough the preferred embodiment is illustrated in a rad^o 
telephone, it will be recognized that the vibrator assembly may be * " 
advantageously employed in other devices sudh as pagers, personnel 
digiial assistants, or the like. Accordingly, "device" as used herein wiU 
refer lo all such equipment and tlieir ecjuivalents;. 



Tuniizig to HG. Z, the vibrator assembly 126 is shovm e?^Iodedl 
off of ihe substrata J106. The vibrator assembly 126 includes a vibrator . 
. . 200 and a pair of dips 202 and 204. "The vibrator 200 includsB a motox 

206# a ahaft 208, and a weight 210- The motor 206 is cylindrical and 
5 employs a houidng 207. Ihe motor 206 is powered by a DC voltage 
potential applied to die hotising 207. The housiag 207 includes a first 
conductive porHon 212 and a second conductive portion 214. The first 
conductive portion 212 and the second conductive portion 214 ar« 
rompzised of stainless steel or other suitable conductive material. The 

10 first conductive portion 212 functions as the negative polarity terminal 
of the motor 206. The second conductive portion 214 functions as the 
' positive polarity terminal of the motor 206. The i^rst conductive 
portion 212 is electrically lnsu):ated from Che second conductive portion 
214 by an insulating portion 216 of the housing 2U7 disposed 

15 therebetween. The insulating: portion 216 is comprised of polyimide 
film or other suitable nonconductive matexiaL The first cnndurtive 
portion 212/ the ixtsulating portion 216/ and the second conductive 
posrtion 214 are aligned along a longitudinal axis 220 of the vibrator 200. 
The shaft 208 extends from one end of the motor 206 along llie 

20 longitudinal axis 220. Ihe mntnr 206, when powered* rotates the shaft 
208. The weight 210 is positioned nonconcentxically on the distal end 
of the shaft 208 so as to rotat«( when the shaft 20S rotates. The 
nonconc^ttic positioning uf the weight 210, as well as the sise 
differential between the shaft 208 and the w^ght 210. causes the shaft 

25 208 and the weight 210 to vibrate during rotation- 
Each one of the pair of clips 202 and 204 is substantially identical. 
In order to maintain brevity^ only one of the pair of clips 202 and 204 
will be described in detail. Clip 202 includes a generally rectangular 
plate 222. Hrst and second fingers 224 and 226 extend upward from 

30 opposing edges of the plate 222. A.s best seen in FIG. 2, the first and 
second fingers 224 and 226 curve inwardly toward one anotHer, The 
end 22S of each one of the fingers 224 and 226 extends outwardly from 
Qie apex thereof. The fingers 224 and 226 are used to restrict 
movement ot the motor 206 in the vertical and horizontal transverse 
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plane. Clip 202 further fodtides a flange 230 extending outwardly and 
orfhoganaHy upwardly from an edge of the plate 222. The flange 230, is 
' positioned tctwccn the Bxst and Second fingers 224 and 226. The flange 
230 (viewable on dip 204 via a cutaway area) is xaaed to secure €he 
5 longihidiMl poeiiion of ftve motor 206 of the vibrator 200. Clip 202 , 
xaay be constnicted using any suitable conventioxial technology^ su^ 
as from a one piece xnonbet that is stamped from a xnetal xnateiial^ 
dudi as beryllxuxn copper or other suitable materia^ wid bent to the 
substantidlly ^^IT'^haped configuration illustrated in FSd. 2 using a 

10 progres^ve tooling die. The xnateiial is &'ttii6dexitly resilient sudbi thai 
fingers 224 and 226 spread apart when the motor 206 is pressed 
downwardly towazds the plate 222 during ass^embly and lliea reiam Lo 
ihcsr original position to hold the motor 206 securely in position. 
The vibrator a&j&iembly 126 is assezxibled to Ihe substrate 106 

15 (ehoxvm Sn fragmentaxy form in EIG. 2) In the following manner. The 
dips 202 and 204 are preferably attadied to the substrate 106 via an 
automated process. Initially^ the substrate 106 is subjected to a 
screening process that depwiis soldei: paste on the pads 128 and 129. 
The solder paste consists of tin^^lead-silver alloy^ or other suitable 

20 electrically conductive solder. Next, the dips 202 and 204 are 

Juxtaposed with the pads 128 and 129, respecrtvely^ as represented by 
]ine$ 231. Automated placement of the clips 202 and 204 is performed 
using any suitable*, commercially available small part placemient 
machine. Once placed, die plate 222 of each of the dips 202 and 204 

25 align with tihe pads 128 and 129 of the substrate 106, zespertively, and 
contact solder paste. 

After placement., the substrate 106 is reflow heated to a 
temperature that is suf fident to melt tihe solder paste and Uxen cuoled 
to room temperature. A removable aluminum tetnplate may be 

30 employed to maintain alignment of the dips 202 and 204 -with the pads 
128 and 125 during xeflow heating* Kerlow heating takes approximately 
660 seconds. During this time period^ the temperature of the subsixate 
106 and dips 202 and 204 is increased to approximately 216 *C. The 
melted solder fonns a metallurgical intcrcoxmecdon between the dips 
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202 and 204 and the pads 128 and 129/ respectively. Once cooled, ftie 
dips 202 aiid 204 of ihe v£b»tot assembly 126 are physically 
• . electeicaily cormeaed to the pads 12a and 129 o£ flxc substrate 106, 
respectively. 

S After the dips 202 and 204 are attached to the substrato 106, iha 

vibxalor 200 is attacfhed to lih« dips 202 and 204. To assemble the 
vibrator 200, the motor 206 is moved in a dowmvard direction, as 
represented by lines 232, The motor 206 contacts the ends 228 of the 
Exigers 224 and 226 of tihe clips 202 and 204. The fingers 224 and 226 arc 

10 pressed outwardly by the motor 206 as it continues to be moved 

downward towatd the plate 222 of die dips 202 and 204. The flange 230 
of the dips 202 and 204 engage end surfaces of the motor 206w The shaft 
208 of the vibratnr is long enough to ensure adequate dearance for 
fldmge230of dfip 202 between Ae weight 210 and the motor 206. Once 

15 assembled, the first conductive portion 212 only contacts clip 202 and 
the second conductive portion 214 only contacts cKp 204. The fully 
assembled position Is Illustrated in RG* 1. Automated placement of 
tihe vibrator 200 can be accomplished by using a commercially available 
robotic arm. 

20 Once assembled, the vibri^tor 200 is operational to alert a user 

upon reception of a CdlL Referring to FIG- 1, the electronic device 102 
receives a call in the radio communication system 100 Via a radio 
frequency (RF) signal 132, such as a paging signal, commimicated from 
a base station 134. The antenna 118 detects thf> RF signal 132 and 

25 couples it to tl^e transceiver circuitry. Responsive to detection^ the 
controllable power source 120 generates a DC (direct current) vnltagp 
potential across the first pair of pads 122 and 123. In the preferred 
ombodimentr controllable power soiurce 120 generates a positive 
polarity on pad 122 and a negative polarity on pad 123, The pair of 

30 traces 130 and 131 and the second pair of pads 128 and 129 coupled the 
DC voltage potential to ilie pair of dips 202 and 204 of FIG. 2, 
respectively* The pair of clips 202 and 204 apply the DC voltage 
potential to th«! Bz&i conductive portion 212 and the second conductive 
portion 214 of the housing 207 of the motor 206. Thp motor 206^ 
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* respoxisive tn the DC voltage potential begiro to rotate the shaft 20B 

and the weight 210; thereby, creating a silent incoming call alert sign^ 
' discernible to the user of the electronic device 102. 

nCs. 3 and 4 iUt3sl£ate$ an alternate vibrator 300 for use ^th the 
5 vibrator assembly 126 and the dedxonic devjre 102 of TIG. 1. The . 
alternate vibxator 300 employs a convenlioxial vibrator diat has been 
retrofitted. Hie conventional components of the alternate vibrator 300 
include a motor 302^ a shaft 304 driven by the motor 302^ and a weight 
306 posiiianed on the shaf^ 304. Also, the motor 302 includes a housing 

10 SOS thai is cylindxiqal and coxnpzised of a conductive material^ sticfh be 
stainless sted or other suitable metal. Also, the motor 302 of the **. 
canventLonal vibrator generally employs tenninals, fifuch as a posi^ve 
terminal 400 and a negative ienxunal 402 shown via a cutaway 403 of 
HG. 4, disposed on the end of the motor 302 opposite the shaft 304. The 

15 motor 302 is powered by a 1X1 voltage pot^tial supplied by wires i^not 
shown) to Ihe ttsmilnals. 

However, unlike the conventional vibrator, the alternate 
vibxator 300 includes a cap 310 and an insulator 312 fit to the end of the 
motor 302 oppo^te the shaft 304 as represented by dotted lines in HG. 4- 

20 The cap 310 is cylindrical and comprised of a conductive matexia]^ such 
as stainless steel or other suitable meiaL The insulator 312, which is 
disposed between the housing 308 and the cap 310, is preferably 
comprised of polyimide film or other suitable nonconductive materiaL 
Furthemiore, the cap 310 is electncally connected to tlitr positive 

25 terminal 400 via a first wire 404. The housing 3t)H is electiicalJy 

connected to fhe negative terminal 40Z via a second wire 406. Tlie 
insulator 312 electrically insulates the housing 308 from the cap 310. 
The cap 310, the insulator 312^ and the housing 308 are conctaatrically 
arranged with respect to a longitudinal axis 314 of the alternate vibrator 

30 300, 

The thickness of the material comprising the cap 310 and the 
ixtsulator 312 adds only negligibly to the diameter of Ihe motor 302.. As 
such, the alternate vibrator 300 can be assembled to the clips 202 and 
204 of FIG, 2 in the same manner previously described wiih respect to 
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Ihc vibrator 200. Once assembled, the housing 308 resides in contact 
with cUp 202 and fctteolation from clip 204; and the cap 310 resides in . 
contact ^th dip 204 and in isolatSon from elip 202, The alternate 
vibrator 300 is then operated by the controlled power source 120 in the 
5 aforementioned manner- 

Thus it can be seen tfiat a vibrator assembly is disclosed 
employing only a vibrator and svufface mountable clips that facilitate 
automated assembly* The surface mountable dips anchor the vibrator 
to a ffubstrate and electrically couples the vibrator to circuitry supported 
10 on the substrate. Thus^ Oxe need for a separate mounting bracket and 
pair of vdrcs is climmated. 

What is claimed is: 



' 1. A vibrator aswembly cDmprising; 

a vibrator including a motor, a shaft driven by the motar, and a 
5 weight positioned on the shaf^ and 

a dips adapted to be mounted to a substrate having a 

controllable power source^ the pair nf cEps electrically coupled to the 
controllable power s»ouzce, the pair of dips adapted to engage tihe motor 
of ihe vibrator. 

10 

X The vibrator assembly of claim 1 wherein the motor of the vibjiator 
further comprises a conductive housing. 

3, Ihe vibrator assembly of claim 2 wherein tihe conductive housing 
15 further comprises a first conductive portion contacting one of titie 'pair 
of dips iuid a second conductive portion contacting ihc other one of the 
pair of dips. 

4« The vibrator assembly of claim 3 wherein the first conductive 
20 portion and the second conductive portion are axially aligned. 

5. The vibrator assembly of claim 4 wherein the conductive housing 
includes an insulating portion disposed between and axially aligned 
with the first conductive portion and the second conductive portion* 

25 

6. The vibrator assembly of claim 3 wherein the first conductive" " 
portion and the second conductive portion are concentrically aligned. 

7. The vibrator assembly of claim 6 wherein 

30 the conductive housing further comprises an insulating portion 

concenuically disposed on the first conductive portion and 
substantially enclosing an end of vibrator, and 

•die second conductive portion compri^ies a conductive cap fitted 
on the end of the vibrator over the insulating portson- 
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8. The vibrator assemWy of daim 1 wherein at least one of Uie pair of . 
dips is substantially "U'-shapeil" ' - 

9. The vibrator assembly of dalm 1 whereiii at leaijt one of the pair of 
dips further comprises a flange cotitacting an end surface of the motor 
of the vibrator, 

10. Ax% electroxiic 'device comprising: 

a sub^ixate having at least two pads and a controllable power 
source mounted therefm, the controllable power source electrically 
coupled to the at least two pads; 

a pair of clips mounted on tibie siibstrate, the pair of d^s 
electrically coupled to corresponding one& of die at least two pads; and 

a vibrator including a motor, a shaft diiven by Ihe motor, and a 
weigihl positioned on the shaft, the motor adapted to be received in thp. 
pair of dips. 
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